Abstract: Tunable optical activity in chiral metamaterials is demonstrated in simulation and shows actively tunable giant polarization rotation over a wide frequency band.
The chiral metamaterial is based on double-layer periodic array of unit cells formed by a pairs of conjugated "swastika" shaped metallic structure separated by a dielectric spacer as show in Fig. 1a . The chiral response is provided by the mutual coupling between the co-directed electric and magnetic moments induced by the "U" shaped split-ring resonator (corners of the conjugated-swastika structure) and the double layer short-wire-pair structures [6] (the center part of the conjugated-swastika structure), respectively. As shown in Fig.1b , the two dips in the transmission spectra at 0.58 THz and 1.0 THz correspond to a magnetic and an electric resonance [7] , respectively. One important advantage of the conjugated-swastika design over other chiral metamaterial designs [2] [3] [4] [5] is the high transmission due to strong coupling of the electric and magnetic resonances. The shaded region in Fig.  1b shows that, between 0.65 and 0.85 THz, the transmission is quite high. 
 , which measures the polarization state of the transmitted EM wave with 0˚ being linear polarization and ±45˚ being right-handed or left-handed circularly polarized wave. As shown in Fig.  1c , in the shadow region between 0.65 to 0.85 THz, the azimuth rotation is around 15 degree and the ellipticity is zero, which suggests the polarization direction of the transmitted EM wave rotates by 15 degree while the polarization state remains unchanged. Based on the conjugated-swastika chiral metamaterial design, we developed a chiral THz metamaterial with tunable optical activity. The tunable chiral metamaterial is made on a silicon-on-sapphire (SOS) substrate. When the silicon (shown red in Fig. 2a) is illuminated by near-infrared light, its conductivity increases, and therefore the second layer metallic structure becomes a wholly connected metallic square. As a result, the magnetic resonances are switched off. By varying the illumination intensity, we are able to control the optical activity of the chiral metamaterials.
In Fig. 2c the shaded region (0.75 to 0.85 THz) shows that the azimuth rotation changes from 20˚ to zero as the conductivity of the silicon layer increases from zero to 5x10 4 S/m. In Fig. 2b , the linear transmission coefficient T xx and T yx are shown. The total transmission (i.e., the sum of T xx and T yx ) in the shaded region remains above 30%. Moreover, as the conductivity of silicon layer increases, the cross transmission term, T yx , gradually decreases to zero, indicating the rotation of the polarization direction decreases, which is consistent with the azimuth rotation shown in Fig. 2c . In summary we demonstrate numerically that strong optically activity is possible in metamaterials based on double layered meta-molecules consisting of conjugated planar metal structures. By integrating semiconductor layers into the chiral metamaterial design, we are able to tune the optical activities actively, e.g. control the polarization angle of the light. The numerical simulations show that active chiral metamaterials can tune the polarization angle of linear polarized light over a large range (0 to 20˚) and a wide frequency band when stimulated by near-infrared illumination. The tunable chiral metamaterial design enables applications such as polarization controllers and circular polarizers for optoelectronic, life science microscopy and display applications.
